Abstract
A population of proliferating cells in the fetal gut has previously been found to express transiently aspects of a catecholaminergic phenotype (TC cells) during development in both rats and mice. These cells appear to be noradrenergic in rats but dopaminergic in mice. In the current study, the ability of TC cells, identified by the immunocytochemical.demonstration of tyrosine hydroxylase (TH), to take up and become radioautographically labeled by [3H] norepinephrine ([3H]NE) was assessed. When TC cells were most numerous in the bowel of rats, no cells were labeled by[3H]NE (days El2 and E13). In rats, but not mice, labeling of larger cell bodies by [3H]NE was found on days El4 and El5 Howeveir, no cells showed TH immunoreactivity on day E15, although a few cells were doubly labeled by [3H]NE and TH immunoreactivity on day E14. Therefore, in rats TC cells contain TH immunoreactivity but do not take up [3H]NE prior to day El4, and their disappearance is followed by the appearance of a second population of larger cells that lacks TH immunoreactivity but which does take up [3H]NE. The transient appearance of some cells that express both markers on day El4 suggests, but does not prove, that TC cells change their phenotype and are the precursors of the cells found later in development that lack TH but which take up [3H]NE. The cells that take up [3H]NE are rare or absent in newborn rat gut, indicating that they may also be transient. These results indicate that genes responsible for different aspects of the noradrenergic phenotype need not necessarily be coupled in their expression. Although uptake of [3H] NE into cell bodies was not found on day El3 or later in vivo in mouse gut, it does occur in mouse bowel explanted prior to day El3 and grown for 10 to 12 days in culture. These cultures also contained TH immunoreactive cells. Thus, the potential for development of cells able to take up [3H]NE exists in mice as well as in rats, and the conditions that lead to a loss of catecholaminergic traits in viuo do not exist in vitro.
In adult animals, the catecholaminergic cells of the sympathetic nervous system and brain can be defined by their stable content of specific biosynthetic enzymes and a high affinity catecholamine uptake mechanism, as well as by their content of catecholamines (Geffen and Jarrott, 1977) . The biosynthetic enzymes, tyrosine hydroxylase (TH) and dopamine /3-hydroxylase (DBH), are limited in their distribution to neurons, SIF (small intensely fluorescent) cells, and chromaffin tissue. During development, however, catecholaminergic cells appear in locations that, in adult animals, do not contain catecholaminergic neurons, SIF cells, or chromaffin tissue (Cochard et al., 1978; Jonakait et al., 1982; Teitelman et al., 1978 Teitelman et al., , 1981b Gershon et al. Vol. 4, No. 9, Sept. 1984 sympathetic innervation derived from neuronal cell bodies in the prevertebral ganglia (Furness and Costa, 1974,1978) . However, it has been reported (Furness and Costa, 1978) that there is a population of intrinsic enteric neurons that contain aromatic L-amino acid decarboxylase and will synthesize either dopamine or 5hydroxytryptamine from the exogenously administered precursors, L-dihydroxy-phenylalanine or L-5-hydroxytryptophan, respectively. These cells have been called "amine-handling cells." One additional property of amine-handling cells is an ability to take up catecholamine (Furness et al., 1980) . The relationship of amine-handling cells to TC cells is uncertain.
It has been reported that cells that take up catecholamine are found in the gut after the disappearance of TC cells, marked by TH or endogenous catecholamine histofluorescence (Jonakait et al., 1979) . This uptake has been interpreted as the persistence of one characteristic (the amine uptake mechanism) of TC cells after others are lost; however, the ability of TC cells themselves to take up NE has not previously been demonstrated.
Therefore, it is possible that the cells that take up catecholamine in the gut after TC cells have disappeared are a new population, perhaps the "amine-handling cells" of the adult bowel, and may be unrelated to the TC cells.
The current experiments were done to determine whether some or all TC cells take up NE. In addition, the timing of the acquisition of the amine uptake mechanism was analyzed to determine whether various aspects of the catecholaminergic phenotype, such as acquisition of TH and amine uptake, might be uncoupled. Finally, the timing of the loss of ability of TC cells to synthesize NE was correlated with the ingrowth of the noradrenergic postganglionic sympathetic nerves into the gut. TH immunocytochemistry was used as a TC cell marker and [3H]NE radioautography was used as a probe for ability of cells or fibers to take up catecholamines.
Experiments were done comparatively in both rats and mice. A preliminary report of some of these observations has appeared (Gershon et al., 1982) .
Materials
and Methods Studies were done with CD-l mice, originally obtained from Charles River, and bred at Columbia. Dated pregnant Sprague-Dawley rats (Teitelman et al., 1979) . The TC cells, in rats, contain both TH and DBH but not phenylethanolamine Nmethyltransferase, and, thus, the catecholamine revealed in them by histofluorescence is probably stored norepinephrine (NE). However, the comparable cells of mice do not contain DBH and, therefore, probably are dopaminergic (Teitelman et al., 1981a) . In both rats (Teitelman et al., 1981a) and mice (G. Teitelman, T. Rothman, and M. D. Gershon, unpublished results) the TC cell population is a proliferating one. In the adult rat and mouse gut, there are no intrinsic catecholaminergic cells (Furness and Costa, 1980; Gershon, 1981 by the presence of a vaginal plug and was designated as day 1 of gestation (El) in rats and day 0 (EO) in mice.
Immunocytochemistry. Antiserum was prepared against TH that had been purified from rat adrenal gland. The procedure for preparation of the antiserum as well as the criteria used to judge its specificity have already been described (Joh et al., 1973) . The antiserum is monospecific and is the same antiserum as used previously to detect TC cells in rats and mice (Teitelman et al., 1981a) . For immunocytochemistry tissues were fixed in a solution containing 4% formaldehyde (from paraformaldehyde), buffered to pH 7.4 with 0.1 M sodium phosphate buffer. The fixed tissues were infiltrated with 30% sucrose overnight for cryoprotection and cut the following day in a cryostat microtome (Hacker-Bright). TH immunoreactivity was demonstrated as described in earlier studies (Teitelman et al., 1979 (Teitelman et al., , 1981a (Fig. 9A) and, in fact, are more abundant in the El4 fetal rat gut than are cells with TH immunoreactivity (Fig. 9B and Table I ). Thus, the bowel at this age contains many cells that express the [3H]NE uptake property but which are not shown with TH antisera (Fig. 9, A On day El3 TC cells demonstrable by TH immunocytochemistry are still present in the fetal rat gut (Fig. 3 and Table  I ).
The individual TC cells appear more highly branched than they
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were on day E12, and some exhibit long thin processes. As a result of this change in shape, the TC cells show an increase in their perimeter without an accompanying increase in crosssectional area (Table I) . TC cells also are more numerous in the bowel on day El3 than on day El2 both as a percentage of total intestinal area and as the number of cells encountered per unit intestinal area (Table I) [3H]NE-positive, TH-negative cells. On day ES, as reported previously (Cochard et al., 1978; Teitelman et al., 1978) , no cells were found in the fetal rat gut that contain TH immunoreactivity. However, TH immunoreactivity was seen in neuritic processes (Fig. 4) Fig. 7 ). The marker = 2 pm. (Fig. 12B) . These cultures also contained cells that displayed TH immunoreactivity (Fig. 124) At the time of birth, labeling of the bowel by [3H]NE is intense (Fig. 10) . The dense pattern of labeling is at least primarily, and possibly entirely, in neuritic processes in both myenteric and submucosal plexuses. Clear examples of labeled cell bodies were not found. At this time, therefore, the cell bodies labeled with [3H]NE have either disappeared or become rare and difficult to find.
Uptake of r3H]NE in the fetal mouse gut. Fetal mouse stomach, duodenum, ileum, and colon were incubated with [3H]NE and processed for radioautography.
TC cells have been found in the murine bowel beginning on day ElO, and they disappear prior to El3 (Teitelman et al., 1981a) . No specific uptake of [3H]NE was detected on day El3 in the murine gut. Beginning in the stomach on day E14, neuritic labeling was observed. Labeled cell bodies were not found from days El3 and El5 in any segment of fetal gut (Fig. 11) .
To determine whether the fetal mouse gut prior to day El3 contains precursors of cells that can acquire the ability to take up [3H]NE, explants of fetal mouse bowel were removed and grown in organotypic tissue culture for 10 to 12 days. This therefore, the fetal mouse gut contains the precursors of cells that acquire a NE uptake mechanism in vitro. In culture, moreover, the property of TH immunoreactivity does not disappear from the gut as it does in uiuo.
Discussion
One goal of the current experiments was to determine whether some or all TC cells have an amine uptake mechanism. Previous analyses of this property have relied on histofluorescence (Jonakait et al., 1979) . Fetal gut, in these earlier studies, was incubated with micromolar concentrations of NE, and formaldehyde-induced fluorescence (FIF) was looked for in cells of the wall of the bowel. Since endogenous NE is present in cells of the gut until day El35 (Cochard et al., 1978) or El4 (Teitelman et al., 1981a) , it is impossible using FIF to determine whether uptake of exogenous NE occurs in cells of the gut containing their own endogenous amine, or into another cell type. (Note that Cochard et al. (1978) consider the discovery of a plug day 0.5 of gestation, while Teitelman et al. (1981a) consider it day El. As a result, Cochard's day E13.5 is equivalent to Teitelman's E14. The convention used in the current study is that of Teitelman et al. (1981a) ). After TC cells with endogenous NE have disappeared, of course, the ability of incubation with exogenous NE to induce FIF in enteric cells does indicate that these cells take up the amine; therefore, FIF is a valid method of evaluating uptake of NE in the rat only after days El35 (Cochard et al., 1978) et al., 1981a) when endogenous NE has been lost. On the other hand, radioautography done on tissues incubated with [3H]NE not only is not subject to interference by endogenous NE but also is an extremely sensitive technique for the detection of the amine uptake mechanism in developing neurites. For example, during the development of sympathetic noradrenergic neurons, uptake of NE can be seen prior to the appearance of endogenous NE detectable by FIF (Gershon and Thompson, 1973 showed that the fetal rat gut contained TC cells which increased in abundance and morphological complexity between days El2 and E13. Failure of the earliest TC cells to take up [3H]NE has been confirmed by Jonakait et al. (1983) . It is concluded that TC cells, when they are most numerous, do not take up radioautographically demonstrable NE; therefore, the genes responsible for the various aspects of the noradrenergic phenotype, as represented in mature noradrenergic neurons (NE synthesis, storage, release (not studied), and reuptake), can be uncoupled, at least in these cells, in their expression.
By day E15, radioautography revealed that the gut contained many cells that labeled with [3H]NE, although cells shown by the immunocytochemical demonstration of TH had disappeared. Thus, this observation confirms the prior report, using FIF (Jonakait et al., 1979) Gershon et al. Vol. 4, No. 9, Sept. 1984 Figure 11. Fetal mouse gut (stomach) at days El3 (A), El4 (B) , and El5 (C and D They may be an additional precursor population that markers. The significantly larger cellular size (Table I ) of the disappears because it changes its phenotype, or they may be two subsets that take up [3H]NE is evidence that the cells that lost through differential cell death. take up [3H]NE are not members of the same population of TC The current study adds to the known species differences cells as those that do not take up the amine. Nevertheless, the between the TC cell populations of rats and mice. The murine observations are consistent with the hypothesis, initially posed, TC cells are similar to those of rats in that they appear and that TH-labeled TC cells are the precursors of at least some of have largely disappeared prior to the development of a recogthe cells labeled by [3H]NE. However, it still remains conceiv-nizable myenteric plexus (Teitelman et al., 1981a [3H]NE exists in mice as well as rats and that the TH-marked cell population does not disappear in vitro as it does in vivo. The precursors of cells found in culture to take up [3H]NE or display TH immunoreactivity must have been present on days El1 and El2 when the explants were made. It is not yet clear why the radioautographic labeling of cells by [3H]NE is not expressed on day El3 in uiuo in the mouse. The trait persists in uiuo in rats, as it does not in mice, even after TH immunoreactivity is lost. It is likely that a factor or factors present in uiuo but lacking in the cultures, suppresses the expression of these catecholaminergic phenotypic characteristics.
(The extrinsic nerves of the bowel could be such a factor.) It is possible that the TC cells which were included in the explants were the precursors of the cells that take up [3H]NE in the cultures, but available data do not permit this conclusion to be drawn. Further experiments need to be done to determine if doubly labeled cells are ever present in mice.
The relationship of both the TC cell population and the cells that label with [3H]NE to the ingrowth of the noradrenergic sympathetic innervation needs further investigation. The disappearance of TC cells and the appearance of cells that take up [3H]NE are temporally correlated in the rat with the invasion of the gut by sympathetic nerves. This correlation could be coincidental.
Alternatively, it is possible that the phenomena are causally related or that the TC cells and the cells that take up [3H]NE subserve a necessary function ultimately taken over by the sympathetic nerves. In the mouse, however, the timing with respect to the sympathetic innervation and the disappearance of TC cells is different from that in the rat. The sympathetic nerves reach tne murine stomach but not the smafI 
